e tested the hypothesis that children who sustain a supracondylar fracture have a greater range of elbow hyperextension than those with a fracture of the distal radius.
Most supracondylar fractures are of the extension type. There is evidence that the mechanism of injury is due to the production of a bending moment by the olecranon on the distal humerus after a fall on the extended arm. 1 It has been suggested that children who sustain this injury have a greater degree of hyperextension in the joint than those who have other types of elbow fracture. 2 Wilkins 2 quoted a report from the American Orthopaedic Association Meeting in 1992 which maintained that children with supracondylar fractures were more hyperextensible at the elbow than those with a fracture of the distal radius. As far as we are aware, this has not subsequently appeared in the peerreviewed literature. Henrikson 3 stated that children sustaining a supracondylar fracture had hyperextension of 2° more than those with other types of elbow fracture. Although the numbers were large, with 545 supracondylar and 471 other fractures analysed, the method was open to question since he examined adults who had had a fracture up to 30 years previously and compared them with a control group of 100 adults and 50 children. No account was taken of the differences in age and gender or of any intraobserver variation in the measurements. To our knowledge the range of movement of the unaffected elbow in children who have sustained fractures of the arm has not previously been measured. We therefore examined the range of elbow movement in two groups of children with either a supracondylar or a distal radial fracture. Our hypothesis was that children sustaining a supracondylar fracture would have a greater amount of hyperextension at the elbow than those with a fracture of the distal radius.
Patients and Methods
In Edinburgh all fractures in children are seen at the Royal Hospital for Sick Children. Between June and November 1997, three independent observers measured the range of movement at the opposite elbow in 183 consecutive children aged from 1 to 14 years who were seen in the fracture clinic with either a supracondylar or a distal radial fracture. There were 36 boys and 28 girls with a supracondylar fracture and 78 boys and 41 girls with a fracture of the distal radius. The mean age of the group with a supracondylar fracture was 6.1 ± 2.1 years and of that with a fracture of the distal radius 8.8 ± 3.0 years. A total of 358 observations was made. The range of movement was measured by placing the centre of the goniometer at the centre of rotation of the elbow with the forearm in supination. One arm of the goniometer crossed the most lateral point of the acromion, as assessed by palpation, and the other, the radial styloid. For our purposes the starting point for the measurement of flexion and extension was with the arm extended and the arm and forearm in line. Any extension beyond this was described as hyperextension. Children who had bilateral injuries or a previous injury to the 'normal' side were not enrolled into the study. The observers used the same goniometer, but the measurements were taken independently. To obtain data on interobserver and intraobserver variations, 96 of the children were examined by more than one observer and 50 were examined by the same observer on more than one occasion.
Statistical analysis consisted of the Student's t-test, the chi-squared test and, for the simultaneous analysis of all factors, a mixed model. This considers patients as random effects, with fracture type, gender, age and observer as fixed effects, and fits variance components comprising dayto-day variation between patient variation and residual effects. Patients have been specified as random effects in the above model for reasons of efficiency in the analysis. Specifying patient effects as fixed would necessitate fitting a separate parameter for each patient, with one consequence being that patients with a single reading would contribute no information to the analysis.
Results
The fracture affected the radius in 119 children (65%) with 222 observations (62%). Sixty-four children (35%) had a supracondylar fracture with 146 observations (48%). Both types of fracture occurred more commonly on the left side (66% of supracondylar fractures; 61% of distal radial fractures). On first analysis ( Table I ) it appeared that the children with a supracondylar fracture could hyperextend their elbows by 1.7° more than those who had a fracture of the distal radius. This extra hyperextension was balanced by a reduction in flexion in the supracondylar group of 1.7°.
Supracondylar fractures tended to occur at an earlier age than distal radial fractures (Student's t-test, 6.1 ± 2.7 v 8.8 ± 3.0 years; p < 0.0001). Boys sustained both types of fracture more commonly than girls, but there was a nonsignificant trend for girls to sustain a higher proportion of the supracondylar fractures (chi-squared test, 40.6% v 31.6%; p = 0.28). The boys sustained 78 distal fractures (68%) and the girls 41 (59%).
The relationship of the age and gender of the child to the first set of measurements taken is shown in Table II . Girls showed significantly greater extension and total range of movement than boys (Student's t-test, p = 0.03 for both). There was a trend towards greater flexion in older children. The girls were younger on average than boys (7.3 v 8.2 years; p < 0.01, Student's t-test).
A mixed model was fitted using a commercial statistics package (SAS) to assess simultaneously the effect of fracture type, age, gender and observer on the measurements, and to determine the extent of day-to-day variation between patient variation and residual variation. The details of this are shown in Table III . This demonstrated that after due allowance for the effects of age, gender and observer, there was no statistically significant effect of range of movement on type of fracture. The study had greater than 80% power to detect a difference in hyperextension between those who had a supracondylar and children with a distal radial fracture of 2° at the 5% level.
The total range of movement for girls was significantly greater than that for boys (p = 0.05) at 1.8° more, but the gender difference in hyperextension lost its statistical significance. Flexion increased significantly with age (p = 0.0001), on average by 0.5° per year. There were statistically significant differences between the observers for all measurements but, on average, the range between lowest and highest did not exceed 3°. Day-to-day variation was insubstantial, but the inherent variation in measurement, as indicated by the residual standard deviation, was 4.6° for the total range of movement. our study. Our children showed comparable distributions in age and gender to those in series published previously.
4,5
Wilkins 6 compiled a total of 7212 supracondylar fractures from 61 major series and found that 60.8% of fractures occurred on the left side. Our proportion was comparable at 66%. We did not record hand dominance but in view of the similarity of demographic features between our series and others we assume that our population is not substantially different. One recent report suggested that there were differences in the range of movement of joints of the upper limb between the dominant and non-dominant sides. 7 That study was in adult, male volunteers who were all righthanded and their findings may not be representative of a normal paediatric population. Any such differences in our children would be unlikely to alter the conclusions of our study. A variety of mechanisms has been proposed which might produce extension supracondylar fractures, ranging from elbow hyperextension to hyperflexion at the time of a fall on the upper limb. 4, 6, [8] [9] [10] [11] Cadaver studies 8, 9 have obvious limitations such as an artificial analysis of patterns of fracture in the absence of the action of the soft tissues and, in general, the use of specimens from elderly adults whose bone will differ from that in the child. One study in monkeys 10 did use immature bone. Biomechanical and anatomical studies have suggested that the olecranon produces a bending moment acting on the distal humerus with the elbow hyperextended. 1 Henrikson 3 carried out a large clinical study and proposed that the amount of hyperextension of the elbow was a contributing factor in supracondylar fractures. Those sustaining a supracondylar fracture had an average of 4° hyperextension compared with 2° hyperextension in children with other elbow fractures If Henrikson's statement was true we should expect that children with a supracondylar fracture would have more elbow hyperextension than those with a fracture of the distal radius. The results in this cross-sectional, observational study did not show a significant relationship between elbow hyperextension and supracondylar fracture. The difference in observations may be explained by the fact that Henrikson examined adults up to 30 years after they had sustained their fracture in childhood. We are not aware of another study which examined children with a fracture of an upper limb at the time of the injury.
There were multiple observers taking multiple measurements and this does require a more complex statistical analysis. The possibility of a type-II error was explored. Even with these complicating factors our study had sufficient power to detect a difference in hyperextension between the two groups of 2°, the amount suggested by Henrikson. 3 Supracondylar fractures are more common in early childhood. The incidence of fractures of the distal radius increases with age. It is well documented that the anatomy of the distal humerus changes with time. In the middle of the first decade the distal humeral metaphysis extends distal to the olecranon and coronoid fossae creating a flattened area that is made up of newly-formed trabecular bone and a thin cortex. With time, the cortex thickens and the supracondylar area becomes more cylindrical. 6, 12 As the supracondylar area strengthens with age, one would expect the proportion of supracondylar fractures to fall and the proportion of other fractures of the upper limb to rise. It is possible that hyperextension does predispose to supracondylar fracture, but the difference between those sustaining a supracondylar fracture and other types of fracture is small, for example 1°. A much larger study would be required to confirm this. Even if this was the case, it could be argued that the contribution of hyperextension would then be slight compared with other factors, partic- ularly the susceptible anatomy of the supracondylar area in the first decade. Hyperextension decreases with time, but not in a linear way. Flexion increases steadily with age by approximately 0.5° per year (p < 0.01). We believe that this has not been reported before. Girls have a greater total range of movement than boys. The children in our study were not specifically assessed for generalised hyperlaxity. Nine children, with four supracondylar and five distal radial fractures, had at least one measurement showing hyperextension to be greater than 15°. The numbers were too small for any conclusion to be drawn about the possible effect of generalised hyperlaxity on the results.
Our study suggests that, when age and gender are taken into account, there is no evidence that the degree of elbow hyperextension plays a significant role in determining whether a child sustains a supracondylar or a distal radial fracture.
